In this study boehmite nanostructures have been successfully synthesized using solvothermal method at 180° C and at high basic pH (~13.5), when ethanol was as solvent. The effects of NaOH and KOH as pH adjusting regents on the characterization of synthesized samples were investigated in detail. X-ray powder diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and field emission scanning electron microscopy (FESEM),
INTRODUCTION
Various metal oxyhydroxides nanostructures with different morphologies and characteristics have been extensively synthesized with various methods and received much attention in recent years [1] [2] [3] . These nanostructures have great potential in applications in adsorbents, ceramics, and catalysts. On the other side, nanostructure materials also provide large surface areas compared with their micro and macro counterparts. Owing to these, several researches have broadly addressed to develop new methods to prepare oxyhydroxides nanostructures [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Among these, boehmite (AlOOH) has attracted extensive attention because of their nontoxic and low cost characteristics for many applications [12] [13] [14] [15] [16] [17] .
Synthesis method has an important effect on properties and characterizations of material products. Conventional processes for synthesizing boehmite nanostructures include sol-gel [18] , precipitation [19] , hydrothermal [20, 21] and solvothermal [22] and other related routes [23] . Among the reported synthetic routes, solvothermal technique have been broadly employed as the effective method do to the mild synthesis conditions and flexible change of experimental parameters. In this method, the synthesis conditions, such as solvent [24] , reaction temperature and time [20] , solution pH [25] , adding surfactants [26] and pH adjusting regent [10] have great effects on the structure and character of boehmite.
To our best knowledge, the synthesis of boehmite via solvothermal route in different pH adjusting regents have not been reported. In this paper, we present a facile route for the fabrication of high surface area boehmite nanostructures.
ExPERIMENTAL
The starting materials utilized are Al(NO 3 ) 3 ·9H 2 O, NaOH, KOH and ethanol 96 %, were purchased from Scharlau, Spain, and used as received without further purification.
In a typical process, 10 g Aluminium nitrate was dissolved in 120 ml of ethanol, and it was stirred for 15 min at room temperature. NaOH or KOH solution (2 Molar) was subsequently added drop by drop to the solution to give lacteous precipitates immediately. At this point, the pH value of the reaction mixture was ~13.5, then transferred into Teflon-lined stainless steel autoclave (200 cc ), and heated at 180°C for 24 h. These samples were treated by centrifugation, rinsed with ethanol several times, and then dried at 60° C in an oven for 48 h. The boehmite samples prepared by NaOH and KOH were labelled N-B, K-B, respectively.
Ceramics -Silikáty 60 (4) 273-277 (2016)
The crystalline phase of products was identified using X-ray diffraction (B8 ADVANCE, BRUKER X-ray diffractometer) patterns were recorded in step scanning on a by using CuKa radiation (λ = 1.54 Å) and a scan rate of 1.5°•min -1 . IR reflection spectroscopy was performed with a RAYLEIGH WQF-510 spectrometer in the range 1000 -4000 cm -1 at room temperature. The morphology and nanostructure were observed using a field emission scanning electron microscope (FESEM, HITACHI S-4160 XL30). The specific surface area of synthesised samples was determined using BEL SORP, MINI II-310 analyser. In this technique the Brunauer-Emmett-Teller (BET) equation was employed to calculate the specific surface area and the mean sizes of pores were calculated using the original Barrett, Joyner, and Halenda (BJH) method.
RESULTS AND DISCUSSION
The phase structure and purity of the products were examined by xRD. Figure 1a shows the xRD patterns of typical samples prepared with different pH adjusting regents. When compared to the standard pattern (JCPDS card no. 001-1283), the reflections of both the products were readily indexed to the orthorhombic boehmite phase, the xRD peaks at 14.39, 28. 13 (071) and (251) planes of the boehmite structure, respectively. Furthermore, no characteristic peaks from other crystalline impurities were detected by xRD, suggesting that high purity of the boehmite samples. The high peak intensity and narrow peak width indicate the good crystallinity of the both sample, especially boehmite synthesized with NaOH.
The crystallite sizes were calculated the using Scherrer equation:
where k is a constant ~ 0.9, λ is the wavelength of the x-rays, B is the full width of diffraction peak at half maximum intensity and θ is the Bragg angle. By using all the diffraction peaks in the XRD pattern, the calculated average crystallite sizes of B-N, B-K samples were 16 and 13 nm, respectively. Comparison of xRD patterns of the prepared samples showed that the extent and percentage of crystallinity of samples do not differ significantly. These results indicated that the NaOH and KOH have a low influence on the crystallite phase of the samples. Figure 1b exhibits FTIR spectrums of the synthesized boehmite nanostructures. For both sample the FTIR spectra were similar regardless of the difference in intensity peaks. As shown in Figure 2a, for The morphologies of the as-prepared boehmite samples in this work were examined by using FESEM analysis. Figure 2 shows the representative FESEM images of B-N (a) and B-K (b) samples. However, Figure 2a indicated that hierarchically nanostructures were more densely assembled by platelets and sheets, when NaOH was used for synthesis of boehmite. In this case a typical hierarchically nanostructures were built up by nano-sheets and nano-plates with average thickness of about 35 nm. Generally, changes in pH adjusting regents from NaOH to KOH may favour to the formation process of nanoparticles. It can be found in Figure 2b that there were only irregular nano particles that the size of particles was from 30 to 100 nm, which the average size of the them was about 65 nm.
BET N 2 adsorption-desorption analysis was used to determine the specific surface area and pores size distribution in the boehmite nanostructures at 77 K. As shown in Figure 3a , the typical adsorption-desorption isotherms of the B-N and B-K samples ascertained to be of type IV, according to the International Union of Pure and Applied Chemistry (IUPAC) classification, which is characteristic of mesoporous materials [27] . The adsorption-desorption isotherms of B-N sample have a distinct H3 hysteresis loop in the relative pressure (P/P 0 ) range of 0.57 -1.0, which indicates that the pore size distribution is not uniform. The adsorptiondesorption isotherms of B-K sample have a distinct H1 hysteresis loop in the relative pressure (P/P 0 ) range of 0.6 -0.9, which means that holes have been formed by stacking nano particles. Those results agree with the conclusions we discussed in the structure and morphology characterization section. The specific surface area calculated of the B-N and K-N based on the BrunauerEmmett-Teller (BET) model are 144 and 55 m 2 •g -1 and the pore volume determined by the BJH approaches are 1.23 and 0.18 cm 3 •g -1 , respectively. Obviously, the specific surface area and pore volume of B-N is extremely larger than the B-K. Figure 3b shows the BarrettJoyner-Halenda (BJH) calculations for the pore-size distribution, derived from desorption data, revealed a narrow distribution centred at 4 nm for the B-K and a wide range 2-50 nm for the B-N. The results display that the obtained boehmite products have excellent porous properties.
CONCLUSIONS
In summary, boehmite with nanostructure and nanoparticle morphologies has been successfully synthesized via simple solvothermal route. The effect of NaOH and KOH as pH adjusting agent on the synthesized samples were systematically studied and tested by several techniques. The morphology and texture evolutions of samples were investigated by changing the pH adjusting regents. Our results showed that the boehmite nanostructures with large surface area and higher pore volume were obtained when NaOH as pH adjusting agent was used. Meanwhile, these ordered mesoporous AlOOH nanostructures have potential applications for preparing ceramics, catalysts and adsorbents 
